The aim of the study was to test the possible relationships of anthropometrical parameters, somatotype and body composition parameters with bone mineral content (BMC) and bone mineral density (BMD, total body, the dominant arm distal radius, antero-posterior lumbar spine-L2-L4, femoral neck) in strength-(nϭ33) and endurance-(nϭ32) trained and sedentary normal-weight (nϭ41) and overweight (nϭ23) young females. Their body height and mass were measured and BMI calculated. Nine skinfolds, thirteen girths, eight lengths and eight breadths/lengths were measured. Somatotype components were calculated according to Carter and Heath (1990) . Whole body fat percentage, fat mass, lean body mass (LBM), BMC and BMD were measured by DXA. The relationship of different BMC and BMD values at each of the regions studied to the different anthropometrical and body composition parameters were analysed by using a stepwise multiple regression analysis. In all groups, BMC is highly dependent on the body mass (31.5-81.2%, R 2 ϫ100). In the endurance-trained females, BMD is dependent on LBM, especially in both weight-bearing sites (66.2% in L2-L4 and 35.3% in the femoral neck). LBM explained 77.0% of the total variance of BMC in this group. BMC in the strength-trained group is dependent on the lower body anthropometrical parameters-thigh skinfold (18.2%), calf girth (25.2%), trochanterion length (24.1%) and sitting height (51.4%). From the endurance-trained group, BMC is dependent on hip girth (75.2%) or in combination with ankle girth (81.2%). From the length parameters, trochanterion is the most important (55.8%) and from breadths/lengths, sitting height (57.1%). In the normal-weight females, BMC is dependent on the calf girth (31.1%), trochanterion length (28.2%) and sitting height (29.8%). In the overweight group, only chest girth (20.1%) and biacromial breadth/length (27.0%) had a relationship with BMC. From somatotype components, only ectomorphy explained BMD in the endurance-trained females in the femoral neck (21.3%) and in the lumbar spine (20.9%). We can conclude that from the body composition parameters, LBM is a powerful predictor of BMC and BMD. From the anthropometrical parameters measured, lower body parameters are the most important. Somatotype components (ectomorphy) had a relationship with BMD only in the endurance-trained group. There are some differences that depend on the specific physical activity field. In the endurance-trained group, the anthropometry is more important than in the strength-trained group.
Introduction
Bone mineral content (BMC) and bone mineral density (BMD) attained by young women are considered to be determinants of their risk of osteoporotic fractures in later life (Hui et al., 1988) . Specifically, the risk of osteoporosis is affected by the peak bone mass attained before the age of 20 (Bailey et al., 1996) . Several studies have investigated the influence of anthropometrical parameters such as body height, body mass and body mass index (BMI) to the BMC and BMD. Low body mass has been declared to be a significant risk factor in the development of osteoporosis; on the other hand, obesity has been mentioned as a significant confounder of BMD (Holbrook and Barrett-Connors, 1993 ). In the 20-44-year-old age group of females, Boyanov et al. (2001) did not find any anthropometrical models except for the prediction of trabecular BMD by body mass. Young et al. (2001) indicated that in young females, the predicted average increase in total body BMC at 0.5% per centimetre in body height. Bone mass was sensitive to the body height in 6-32-year-old women in the study by Lin et al. (2003) . Slemeda et al. (1990) presented a significant relationship between BMD and skinfold thicknesses in adult females. The relationships of the individual anthropometrical parameters (skinfolds, girths, lengths, breadths/lengths) and somatotype on BMC and BMD are little discussed.
Body composition is highly influenced by BMC and BMD by at least three possible mechanisms: mechanical stress due to body mass, muscular forces and finally hormonal mechanisms (Reid et al., 1992; Lanyon, 1992; Jürimäe et al., 2005) . Lean body mass (LBM) is probably the main predictor of these parameters (Rico et al., 1994) . In young females, Ellis et al. (1997) found a very high relationship between BMC and LBM (rϭ0.963). Bedogni et al. (2002) concluded that in females, LBM is a stronger predictor of BMC than fat mass. The study by Nichols et al. (1995) indicates that lean tissue mass, both arm and leg, was found to be significantly and positively correlated to the corresponding regional bone density. On the other hand Reid et al. (1992) emphasised that body fat mass is an important determinant of whole body BMD in premenopausal women. Body fat had a negative relationship with BMC and BMD in 10-19-year-old healthy females in the Weiler et al. (2000) study. Lazcano-Ponce et al. (2003) concluded that body fat percent is associated in an inversely proportionate manner as an independent predictor for BMD in the lumbar spine in 9-24-year-old Mexican females.
Significant positive relationships between BMD and LBM are indications of the physically active lifestyle which is increasing LBM (Heinonen et al., 1995) and also leads to increments in bone mass. However, several studies have shown that athletes involved in weight-bearing activities with such loading characteristics exhibit greater BMD compared with non-athletic controls (Heinonen et al., 1995) . Sport participation in some events was connected with very low body mass and increased LBM. Exercise and mechanical loading stimulate both muscle and bone development.
Not all body composition and especially anthropometrical factors associated with the attainments of optimal BMC and BMD have been clearly identified. We hypothesised that there are from the anthropometrical parameters site specific relationships with the BMC and BMD in differently trained young females. The aim of the present study was to test the possible relationships of anthropometrical parameters, somatotype and body composition parameters with BMC and BMD in strength-and endurance-trained and sedentary normal-weight and overweight young females.
Methods

Subjects
Four groups of subjects were studied: (1) strength-trained (weight lifters and aerobic trainers; nϭ33), (2) endurancetrained (cross-country skiers, long-distance runners and swimmers; nϭ32), (3) normal-weight sedentary (nϭ41) and (4) overweight sedentary (nϭ23) females (Table 1) . Strengthand endurance-trained women exercised for a minimum of six hours per week and have been doing so for the last five years, while normal-weight sedentary women have remained physically inactive for at least the last two years. The overweight sedentary group was formed of physically inactive women whose BMI was higher than 25 kg/m 2 . All women were eumenorrheic (10-12 cycles/year). In the separate groups, there were no significant differences in the ages of starting menstruating (12.79Ϯ1.12, 13.08Ϯ1.47, 13.15Ϯ1.33 and 12.67Ϯ1.46 years, respectively in the strength-, endurancetrained and sedentary normal and overweight groups). All subjects were healthy and none of them was taking any medications at that moment. They were instructed not to change their dietary intake during the study. Subjects did not exercise for 24 hours prior to the measurement day. The subjects were informed of the procedures of the experiment and they provided written informed consent. This study was approved by the Medical Ethics Committee of the University of Tartu.
Anthropometry, somatotype and body composition
Body height was measured using Martin's metal anthropometer to the nearest 0.1 cm and body mass to the nearest 0.05 kg using a medical electronic balance scale (A & D Instruments Ltd., UK) with the subjects wearing no shoes and only light clothing. The BMI (kg/m 2 ) was calculated. All anthropometrical parameters were measured according to the protocol recommended by the International Society for the Advancement of Kinanthropometry (Norton and Olds, 1996) . Nine skinfolds (triceps, subscapular, biceps, iliac crest, supraspinale, abdominal, front thigh, medial calf, mid-axilla), 13 girths (head, neck, arm relaxed, arm flexed and tensed, forearm, wrist, chest, waist, gluteal, thigh, thigh mid trochanter-tibiale laterale, calf, ankle), eight lengths (acromiale-radiale, radiale-stylion, midstylion-dactylion, iliospinale-box height, trochanterion-box height, trochanteriontibiale laterale, tibiale laterale to floor, tibiale radiale-sphy tibiale) and eight breadths/lengths (biacromial, biiliocristal, foot length, sitting height, transverse chest, A-P chest depth, humerus, femur) were measured on the right side of the body. Three series of anthropometric measurements were taken and the means were used. Skinfold thicknesses were measured using a Holtain (Crymmych, UK) skinfold caliper. Other anthropometrical parameters were measured using the Centurion Kit instrumentation (Rosscraft, Surrey, BC, Canada). Calibration of all equipment was conducted prior to and at regular intervals during the data collection period. The tester has a Level 1 certificate from the International Society for the Advancement of Kinanthropometry (Norton and Olds, 1996) . The three somatotype components-endomorphy, mesomorphy and ectomorphy were calculated according to the Carter and Heath (1990) anthropometric somatotyping method. Whole body fat percentage, fat mass, and LBM were measured by dual-energy X-ray absorptiometry (DXA) using a DPX-IQ densitometer (Lunar Corp., Madison, USA).
Bone mineral measurements
Bone mineral content and bone mineral density were measured by DXA using a DPX-IQ densitometer (Lunar Corp., Madison, USA) for the total body, the dominant arm distal radius (described as non-weight-bearing sites), anteroposterior lumbar spine (L2-L4) and femoral neck (described as weight-bearing sites). Subjects were scanned in light clothing while lying flat on their backs with their arms at their sides. DXA measurements and results were evaluated by the same examiner.
Statistical analysis
Standard statistical methods were used to calculate mean (X ) and standard deviation (ϮSD). Statistical comparisons between groups were made by using ANOVA and a Tukey post-hoc test. The relationships of different BMC and BMD values at each of the regions studied with the different anthropometrical and body composition parameters was analysed by using a stepwise multiple regression analysis. The level of significance was set at pϽ0.05.
Results
The strength-trained females were significantly older than the endurance-trained females ( Table 1 ). The overweight sedentary females had higher values for body mass, BMI, body fat % and also body fat mass compared to the physical activity groups of females and normal-weight sedentary females. In the normal-weight sedentary females, LBM was significantly lower than that of the strength-or endurance-trained and overweight sedentary females. Skinfold thicknesses were significantly (pϽ0.05-0.01) higher in the overweight sedentary group compared with both physical activity groups (data not presented). There were no significant differences in girths (except abdominal), lengths and breadths/lengths. In the normal-weight sedentary group, most of the skinfold thicknesses were higher ( pϽ0.05) than in the physical activity groups. There were significant (pϽ0.05) differences in the somatotype components between different groups (Table 1) . The overweight sedentary females had more endomorphy than the strength-and endurance-trained ones. They also had more mesomorphy and ectomorphy compared with the strengthtrained females (Table 1) .
BMC was significantly higher in the overweight sedentary females compared with the endurance-trained and normalweight sedentary females ( Table 1 ). The normal-weight sedentary females had lower values of BMD in sites L2-L4, femoral neck and total body BMD compared to the strengthtrained females (Table 1 ). The overweight sedentary females had higher BMD values in sites L2-L4 and total body BMD when compared to the normal-weight sedentary females ( Table  1) .
As a result of using stepwise multiple regression analysis, only one independent variable was selected in 71 cases of the 77 stepwise regressions. Only 6 stepwise regressions have more than one step (see Tables 2-7) . In all groups, BMC is highly dependent on the body weight (31.5-81.2%, R 2 ϫ100) (Table 2 ). In both physical activity groups, spine BMD (L2-L4) is dependent on body weight (13.7% and 53.7% in strength-and endurance-trained groups, respectively). In the endurance-trained females, BMI has a strong relationship with BMD in the femoral neck, distal radius and total body. From the body composition parameters, LBM is a very powerful predictor of BMC and BMD (Table 3 ). In the endurance-trained females, BMD is highly connected with LBM, especially in both weight-bearing sites (66.2% in L2-L4 and 35.3% in the femoral neck). LBM explained 77.0% of the variance of BMC in this group.
Somatotype components seldom influenced BMC or BMD. Only in the endurance-trained group did ectomorphy explain BMD in the femoral neck (21.3%, R 2 ϫ100) and in the lumbar spine (20.9%, R 2 ϫ100). BMC in the strength-trained group is first of all dependent on the lower body anthropometrical parameters (Table 4) . From the skinfolds, thigh (18.2%, R 2 ϫ100), from girths, calf (25.2%, R 2 ϫ100), from lengths trochanterion (24.1%, R 2 ϫ100) and from breadths/lengths sitting height together with femur (51.4%, R 2 ϫ100) were selected. There are some differences between BMD in different locations and anthropometry (see Table 4 ). From the skinfolds, the thigh is the most important, explaining 17.2-26.1% (R 2 ϫ100) of the total variance (except in site L2-L4). From the length parameters, trochanterion is the most important, influencing the femoral neck BMD 16.7%. Interestingly, from the breadths/lengths, sitting height is the most important (Table 4) .
From the endurance-trained group, the skinfold thicknesses did not influence either BMC or BMD (Table 5) . First of all, BMC is dependent on the hip girth (75.2%, R 2 ϫ100) or in combination with ankle girth (81.2%, R 2 ϫ100). From the length parameters, trochanterion is the most important (55.8%, R 2 ϫ100) and from breadths/lengths, sitting height (57.1%, R 2 ϫ100). BMD in the weight-bearing sites is dependent on the anthropometrical parameters of legs (i.e. hip girth, trochanterion length and foot length), characterising 30.7-50.0% (R 2 ϫ100). BMD on distal radius is only dependent on the arm tensed girths (38.6%, R 2 ϫ100). In normal-weight females, BMC is dependent on the calf girth (31.1%, R 2 ϫ100), trochanterion length (28.2%, R 2 ϫ100) and sitting height (29.8%, R 2 ϫ100) ( Table 6 ). In the overweight group, only chest girth (20.1%, R 2 ϫ100) and biacromial breadth/length (27.0%, R 2 ϫ100) influenced BMC. BMD in weight-bearing sites (L2-L4 and femoral neck) is dependent on normal BMI females on front thigh skinfolds, calf girths and sitting height. In the overweight group, there was no significant relationship between BMD and anthropometry.
In the whole group of women, lower body anthropometrical parameters are more important for both BMC and BMD (Table  7) .
Discussion
Our main conclusion is that from the anthropometrical parameters and body composition variables, BMC and BMD were first of all related to body weight, LBM and lower body Table 7 Results of the stepwise multiple regression analysis where dependent variables were BMC or BMD and independent variables measured skinfolds (9), girths (13), lengths (8) anthropometrical parameters. Surprisingly, in the overweight females (with high BMI), whose BMC and BMD mean parameters were the highest, the measured anthropometrical parameters did not have a relationship with bone BMC and BMD.
There are conflicting results about the influence of body height, body mass and BMI to the BMC and BMD in different populations studied. For example, Rico et al. (1994) indicated that body mass is the main determinant of bone mass in postpubertal women while in 17-82-year-old women, BMC is dependent on both body height and body mass (Lindsay et al., 1992) . In our study, in both physical activity groups, spine BMD (L2-L4) is dependent on body mass while in both sedentary groups, this relationship is absent. This means that during physical activity, the total body mass (whether it is lean mass or fat mass) is the most important predictor of spine BMD. On the other hand, it is quite difficult to explain why BMI highly influenced BMD in the femoral neck and especially in the distal radius in the endurance-trained group (see Table 2 ). The differences could be because of the methodology used or subjects chosen. On the contrary, in untrained females, Davis et al. (1996) indicated a close relationship between BMI and BMC in the spine and calcaneous.
There are some differences in the results of the stepwise multiple regression analyses between the strength-and endurance-trained groups where the dependent variables were BMC and BMD in different sites and from the anthropometrical parameters separately skinfolds, girths, lengths and breadths/lengths (Tables 4 and 5 ). However, as a rule, in the models, parameters were selected that were located on the legs. From the skinfolds, only in the strength-trained group, the front thigh was selected; in the endurance-trained group, the skinfolds were not selected at all. In physical activity groups, fat mass that is situated in the subcutaneous compartment and is very easy to measure, could explain why skinfolds are relatively good predictors of total body fat (Stewart and Hannan, 2000) . Interestingly, in the endurancetrained group, hip girth (75.2%, R 2 ϫ100) and especially in combination with ankle girth (81.2%, R 2 ϫ100) very highly influenced BMC. In the strength-trained, calf girth is the most important, characterising only 25.2% (R 2 ϫ100) of the total variance in BMC. The leg length (trochanterion) is more important in the endurance-trained (55.8%, R 2 ϫ100) compared with the strength-trained group (24.1%, R 2 ϫ100). BMD in weight-bearing sites in the strength-trained group is dependent on the sitting height or trochanterion length and in the endurance-trained, on the hip or calf girth and trochanterion length.
In sedentary normal-weight females, BMC is dependent on calf girth, trochanterion length and sitting height from the anthropometrical parameters (see Table 6 ). However, the relationship is not so strong compared with physical activity groups (28.2-31.1%, R 2 ϫ100). Surprisingly, in overweight sedentary group, only chest girth and biacromial breadth/length influenced BMC. It is surprising that, for example, skinfolds are not important.
In the total group (Table 7 , nϭ129), BMC is dependent on the front thigh skinfold thicknesses. It is interesting that, for example, the largest skinfold thicknesses in the abdomen area (highly increasing total body weight) are not included in the model. In children, as a rule, adiposity measured by skinfold thickness does not appear to be an independent predictor of bone mineral measures once an adjustment has been made for the height or frame size (Miller et al., 1991) . Normally, total body fat mass is not a limiting factor of BMC in females (Bedogni et al., 2002) . From the girth parameters, only chest or in combination with calf were selected (see Table 7 ), which characterised 30.9% or 38.4% of the total variance of BMC. From the length parameters, only trochanterion is selected, which characterised only 22.7% of the total variance. Biacromial length or in combination with sitting length were selected from the breadths/lengths. About the same parameters influenced BMD in weight-bearing sites (see Table 7 ). Finally, the total body BMD is, first of all, dependent on front thigh skinfold thicknesses, chest girths and biacromial breadths. Thus we can conclude that in the total group, BMD is dependent on trunk skeletal parameters and leg skinfolds. To our knowledge, no studies have been made about the detailed anthropometrical parameters to BMC or BMD. Only Trivitayaratana et al. (2001) concluded that in females, arm span is not significantly correlated with BMD in young women.
From the somatotype components, only ectomorphy is important, characterising BMC in the endurance-trained (33.4%, R 2 ϫ100) or in the total group (19.3%, R 2 ϫ100). In the endurance-trained group, ectomorphy moderately influenced BMD in the spine (L2-L4) at 20.9% (R 2 ϫ100) and in the femoral neck at 21.3% (R 2 ϫ100). The dominant role of ectomorphy, which describes the relative slenderness of the body, on the endurance-trained group, is understandable because from the single anthropometrical parameter the trochanterion length and sitting height were dominant (see Table 5 ).
Several studies indicate that from the body composition parameters, LBM is the main predictor of BMD in young females (Witzke and Snow, 1999; Madsen et al., 1998; Valdimarsson et al., 1999; Vicente-Rodriguez et al., 2004) . In our study, this relationship was strongest in the weight-bearing (endurance-trained, except swimming) group on the weightbearing sites (see Table 3 ). Interestingly, in the strength-trained group where non-weight-bearing exercises were mostly used, only BMC was dependent on LBM and there was no relationship with BMD (see Table 3 ). In the strength-trained group, BMC was not significantly ( pϾ0.05) higher than in the other groups, except the overweight sedentary group. It is surprising that relatively high LBM and BMI values are not related to BMD in the strength-trained group. The reason is probably, that weight exercises are using more of the whole body muscles (trunk, lower and upper limbs). For the endurance-trained, it is more common to use the lower limbs. In the sedentary group, body composition did not influence either BMC or BMD (except BMD in the L2-L4 site influenced by LBM). Body fat is normally not a significant predictor of BMC or BMD. However, fat mass would exert a mechanical effect as a component of body mass, evident in the lower limbs, while muscle contraction would induce a more significant dynamic effect in both lower and upper limbs. We agree with Weiler et al. (2000) that greater amounts of body fat mass relative to body mass could be a marker of lifestyles that do not support the attainment of optimal BMC in young females.
It was concluded that from the body composition parameters, LBM is a powerful predictor of BMC and BMD. From the anthropometrical parameters used, lower body parameters are the most important. Somatotype components (ectomorphy) influenced BMD only in the endurance-trained group. There are some differences that depend on the specific kind of physical activity. In the endurance-trained group, the anthropometry is more important than in the strength-trained group.
